Morphological, cultural and serological evidence is presented to suggest that a relationship exists between corynebacteria of human vaginal origin and pleuropneumonia-like organisms (PPLO). It is concluded that many PPLO are L-forms of corynebacteria, and that the differences between these and the L-forms of Gram-negative bacteria, most commonly studied, are in conformity with the differences between the parent bacterial forms.
INTRODUCTION
Numerous workers have reported an association between pleuropneumonia-like +organisms (PPLO) and strains of corynebacteria (Minck, 1953; Wittler, Cary & Lindberg, 1956; Smith, Peoples & Morton, 1957) , and have adduced evidence that the former may become transformed into the latter. The PPLO studied by Wittler et al. was found to be serologically related to a corynebacterium isolated from the same source, the human genital tract. The present study was initiated as a result of observations made on two types of colony, which arose in the same cultures of a corynebacterium isolated from a pathological condition; one was bacterial and the other resembled a PPLO. Each was capable of transformation into the other, and they appeared, in fact, to be different phases of the same organism. These transformations occurred, regularly but infrequently, in the course of investigations concerned with their pathogenicity, which involved their artificial culture on solid and in liquid medium and in embryonated eggs. The PPLO was identified as such because of its morphological, cultural and serological characters (see Discussion for references). The bacterium closely resembled the organism isolated from the human cervix uteri and named Corynebacterium cervicis (Laughton, 1951 (Laughton, , 1954 . In an attempt to elucidate the relationship between them, observations were made upon both these forms, and upon human genital tract PPLO isolated in this and other laboratories.
METHODS
Organisms. The first corynebacterium and the PPLO were obtained, by the courtesy of Dr K. B. Rogers, as primary isolation cultures taken a t post-mortem from the lungs of a baby showing the condition known as hyaline membrane; the cultures consisted of a chocolate agar plate bearing both types of colony, and a blood plate with the PPLO colonies only. This original strain of the corynebacterium and those subsequently derived from the PPLO were identified as Coryizebacterium cemicis (Laughton, 1951 (Laughton, , 1954 Cultural methods. Embryonated eggs were inoculated via the yolk sac and the intravenous and amniotic routes. All inocula were checked for purity and viability by plating concurrently upon artificial media. Control eggs in each series were inoculated with the corresponding suspension fluid without organisms. Media used were Difco PPLO medium and chocolate agar, and Hartley's broth with 10 yo (v/v) human plasma or horse serum. Fermentation reactions of the PPLO were tested in a blood broth (made by adding 2 %, v/v, horse blood cells and 0.5 %, w/v, oxoid yeast extract to nutrient broth, steaming, filtering, adjusting to pH 7.8 and then autoclaving) with 20 yo (v/v) de-activated horse serum and 1.0 yo (wlv) carbohydrate; the pH values were taken by means of a capillator after 1, 2 and 3 weeks.
The fermentation reactions of the corynebacteria were tested in serum water sugar media.
Serology. Antisera were prepared in rabbits by the intravenous injection of suspensions made up to an opacity of a No. 10 Brown's opacity tube of bacteria, and of PPLO in 0.2 yo (v/v) formal saline. Five weekly courses of three 2 ml. doses were given. Some preliminary complement-fixation tests were performed, but these were subsequently abandoned in favour of gel diffusion tests, which proved to be more convenient and informative. To prepare the bacterial antigen for the complement-fixation tests, suspensions of the bacteria were made in 0.5 ml. of 0.01 N-sodium carbonate, 0.05 g. trypsin (Difco) added, and the mixture incubated for 18 hr. at 3 7 O , after which 1 ml. of acid ethanol (95 vol. absolute ethanol + 5 vol.
2 N-hydrochloric acid) was added. The mixture was centrifuged and the deposit washed several times in saline to neutralize it. The deposit was then made up to an opacity of a No. 10 Brown's opacity tube. The PPLO antigen for the complementfixation tests consisted of saline suspension made up to an opacity of a No. 2 Brown's opacity tube. Complement was titrated before each test and each test was set up in triplicate, with a suitable range of dilutions, usually 2, 2.5 and 3 minimal haemolytic doses. All appropriate controls were set up in each test. The antigens used for the gel diffusion tests consisted of bacterial and PPLO saline suspensions of four times the strength of those used for the production of antisera and, in some cases, were supersonically disintegrated. The tests were made by double diffusion precipitation in agar/phosphate gel a t pH 7.4. To avoid false cross-reactions, bacteria for serum production were grown on glucose agar, and PPLO on media with horse serum. For test antigens, PPLO were grown on media with human plasma.
Electron microscope exarnismtions. The electron microscope used was a Metropolitan Vickers E.M. 3, and all the preparations were gold +palladium shadowed- 
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The organisms except for the transition stages were grown upon collodion membranes for various periods of time before mounting. The preparations of the transition stages were obtained by impressing agar blocks containing the transforming organisms on to collodion membranes. Gentle pressure was applied, and the blocks were removed 3-4 hr. later. The membranes were then mounted.
RESULTS
In the early observations, two types of colony, the bacterial and the PPLO from the original cultures, were subcultured on chocolate agar and thence into Robertson's meat broth. On chocolate agar, both types of colony grew unchanged in subcultures; but subcultures on chocolate agar from the meat broth cultures inoculated with the PPLO alone, after these had been stored for 6 weeks at Po, gave evidence of transformation to the bacterial phase. When replated upon chocolate agar these cultures gave rise to colonies both of the PPLO and of a corynebacterium resembling the original strain. The culturcs inoculated with the bacteria alone showed only bacterial colonies on replating on this occasion but subsequently these were also observed, after the same procedure, to give rise to PPLO colonies; and on repeated subculture on chocolate agar from chocolate agar, over an extended period of time, the bacterial colonies gave rise to both types on approximately twelve occasions, and to PPLO colonies alone on one.
Transformation of the PPLO to the corynebacterium was observed, in artificial culture, only after subculture in fluid medium; this occurred on two occasions, after the lapse of a year from the time of the first observations, during which time tlie PPLO had been subcultured on chocolate agar, at intervals of from ten to fourteen days, without any sign of reversion. On one occasion the transformation was occasioned, as before, by storage in meat broth a t 4" for several weeks, on the other simply by subculture in liquid yeast-extract medium. On both occasions, subculture on chocolate agar gave both types of colony.
In order to eliminate any question of contamination, repeated efforts were made. without success, to isolate similar PPLO from the mouths and noses of the operators and their associates.
It was discovered that these transformations occurred more frequently on culture in embryonated eggs than on artificial media; the results of these experiments are shown in Table 1 . Cultures from control eggs showed no sign of any comparable organisms.
The results of fermentation tests showed that the PPLO did not ferment any of the carbohydrates examined, nor did 3 out of the 6 strains of the corynebacterium tested; a further 3 strains of tlie corynebacterium were found to ferment, irregularly, glucose, lactose, sucrose, dextrin, maltose, and starch, but not mannitol, dulcitol or salicin.
The results of complement-fixation tests are summarized in Table 2 . The antigens used were the PPLO and corynebacterium as first isolated, and variants of Corynebacterium cervicis maintained in this laboratory. The sera used were those prepared against the original corynebacterium and PPLO, and the ' 9 T ' variant of C . cervicis.
The results show a relationship between the PPLO and both strains of corynebacterium. A control serum, prepared against a species of actinomyces, gave negative reactions.
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At a considerably later date, a strain of corynebacterium, resembling but not identical with, Corynebacterium cervicis, also from the vagina, when grown in the vicinity of 200 units penicillin/ml., absorbed on a strip of filter paper on the surface of Difco PPLO medium with 3.5 yo added sodium chloride, was found regularly to dissociate and produce an L-form or PPLO which was serologically related to the other PPLO examined (Table 3) . This PPLO was unstable, except in the presence of penicillin, and reverted readily to the bacillary form. The results of gel diffusion tests on all these strains are shown in Table 3 . The antigens were the original corynebacterium, after 2 years' subculture, the original PPLO (0), PPLO (1, 2, 3, 4, 5 ) isolated in this laboratory, and 5 strains of human PPLO supplied by Dr D. G. ff. Edward. The sera were prepared against the original PPLO (0); one of those isolated in this laboratory, PPLO (1); and the penicillininduced dissociant, PPLO (P). The results given by this method were very clear-cut, and showed a serological relationship between most of the PPLO tested, whether these were associated with corynebacteria or had been isolated independently in this laboratory or elsewhere, with the exception of the Campo strain. The corynebacterial phase reacted with the PPLO sera, but a serum prepared against that phase reacted only with the homologous antigen, presumably because the surface antigens were mainly represented, and were absent from the PPLO. Preparations for examination with the optical and electron microscopes were made from the corynebacterium colonies, from the PPLO colonies, and from mixtures of the two forms when these had apparently arisen from one form only; that is to say, from plates on which both organisms occurred which had been inoculated with material derived from a pure culture of one form only. The corynebacterium was septate and varied from rods to coccal forms (Pl. 1, fig. 1 ). Preparations of mixtures of corynebacteria and PPLO, which had apparently arisen from the corynebacteria only showed flat, disk-like bodies, filaments and small granules (PI. 1, fig. 2, 3) . 
After the PPLO had been subcultured regularly on chocolate agar for several months, electron micrographs showed larger, more opaque, bodies which appeared to be capable of breaking down into small particles (Pl. 1, fig. 4) . Preparations of mixtures of corynebacteria and PPLO which had apparently arisen from the PPLO alone showed coccal and rod-shaped bacterial forms (PI. 2, fig. 5, 6, 7 ) and smaller particles of various sizes ranging down to approximately 0.1 p in diameter (PI. 2, figs. 5, 7).
DISCUSSION
Bacterial L-forms were originally identified with PPLO, and the suggestion that the latter are, in fact, a type of stabilized L-form has often been made (Bisset, 1952; Dienes & Weinberger, 1951 ; Tulasne, 1951) . Recently, evidence has accumulated to suggest that corynebacteria (Minck, 1953; Wittler et al. 1956; Smith, Peoples & Morton, 1957 ) and possibly Haemophilus ( h i e s & Jones, 1957) may be related to PPLO of genital tract origin.
The present evidence indicates that one PPLO isolated in association with a strain of Corynebacterium cervicis, and several strains isolated independently from the vagina, are serologically closely related one to another, and to authentic strains of human mycoplasma Type 1, as well as to this and other strains of C. c m i c / s and to a PPLO or L-form derived from a corynebacterium by the use of penicillin. The PPLO and associated corynebacteria, in both cases, are transformable one to the other, and electron micrographs show the processes of this transformation, as well as the morphology of the PPLO, which are identifiable as such because of their appearance, origin and cultural characters, as well as their serological relationships. They are typical of PPLO, as described by Bordet ( Wroblewski (1931) . The combination of evidence renders their identity as PPLO unquestionable, but it is also apparent that many characteristics of PPLO are shared with L-forms, and that, in relation to the associated corynebacterium, this PPLO and those of Wittler, Smith and their collaborators, must be regarded as L-forms.
Much argument has been expended upon points of difference between L-forms and PPLO, in respect of stability, fermentation pattern, etc., but it would appear that much opposition to the concept that they are alike is based upon the supposition that the L-forms most frequently studied are in some respect typical, for which there is no logical basis. Since it appears that large numbers of PPLO are closely related it is reasonable to suppose that their parent bacteria are also closely related, and probably many PPLO are L-forms of corynebacteria. It does not appear that the differences between PPLO and the L-forms of Proteus, which is the subject of almost all such comparisons, are greater than, if as great as the differences between Proteus and Corynebacterium. The general conclusion from these observations is that the type of vaginal PPLO, sometimes described as M y c o p l m a hominis Type 1, is the L-form of Corynebacterium cervicis. M. hominis Type 2 (Campo) appears to be distinct, but has also been claimed to be associated with a corynebacterium (Smith  et al. 1957) . The descriptions of the so-called Haemophilus of Amies & Jones (1957) and Edmunds (1960) suggest that this organism may also be a corynebacterium, and that the origin of vaginal PPLO is relatively uniform. Figs. 2 and 3. Impression preparations from plate inoculated with yolk fluid from egg inoculated with the corynebacterium alone. Fig. 2 shows bacterial forms surrounded by PPLO elements. Fig. 3 shows characteristic PPLO elements. 24 hr. growth. Photomicrograph. x 1800.
